Introduction
Poly(oxazoline)s have emerged recently as materials of importance in surface chemistry and in biomaterials science. [1] Polyoxazoline bearing short alkyl substituent, e.g., methyl or ethyl group, in the side 2-position are water-soluble. Among numerous water-soluble polymers, POxs are attractive for their low acute toxicity and have been approved by US Food and Drug Administration (FDA). [2, 3] Functional polyoxazolines can be prepared either by the polymerization of functionalized oxazoline monomer or by the modification of telechelic POx. To prepare telechelic POx, functionalized group can be introduced at the initiation stage of the polymerization of 2-oxazolines ("initiator method") or at the termination stage by reacting the living end of the propagating polymer with a nucleophile ("terminator method").
The synthesis of telechelic POx using molecules coming from renewable sources such as vegetable oils are currently underway in our laboratory. [4] Recently, industrial applications have emerged around the use of feedstock from renewable resources because sustainability will become increasingly important for the chemical industry. [5, 6] Among them, fats and oils could become one of the major players in the chemical industry in the near future. Their competitive cost, worldwide availability, and built-in functionality make them attractive for numerous commercial applications. The growing production of biodiesel by transesterification of oil with methanol or ethanol is responsible for the overproduction of glycerine. Consequently, the price of glycerine has dropped dramatically. Glycerol is an intermediate in the synthesis of a large number of compounds used in industry (Solketal:
1,2-isopropylidene-glycerol, glycerol carbonate, glycidol, dihydroxyacetone…) (Scheme 1). [7] A bio-based key bifunctional compound is glycerol 1,2-carbonate (GC, 4-hydroxymethyl-1,3-dioxolan-2-one) employed as a solvent, [8] additive, monomer, [9] [10] and chemical intermediate. GC can be produced by transesterification of ethylene carbonate or dimethyl carbonate. [11] In our strategy, glycerol carbonate GC was converted by tosylation in glycerol carbonate tosylate (GCTs) which was employed as functional initiator in 2-methyl-2-oxazoline (MOx) polymerization. The tosylation of GC has already been mentioned but the use of GCTs as initiator in polymer area has never been described to our knowledge. [12] Herein, we report an easy route to synthesize functional polyoxazolines ((HO) 2 -POx-OH) using GCTs. Kinetic study of the polymerization was investigated and the initiation step was examined in detail. Moreover the control of molecular weights was targeted and the molecular weights were compared to those obtained with other initiator coming from Solketal (SolkTs). Before (GC-POx ium ) and after ((HO) 2 -POx-OH) the termination stage of the polymerization, POxs carried carbonate, oxazolium end groups and diol, hydroxyl end groups, respectively. We explored the reactivity of the end groups in urethanization reactions.
Usually urethane groups are prepared from isocyanate and alcohol reaction. An alternative route was also studied with the reaction of five-membered cyclic carbonate with amine which could afford Non Isocyanate PolyUrethane (NIPU). [13] [14] [15] The strategies were examined with model reactants. The further functional polymers can result in various materials with different properties to meet different application needs.
Results and discussion

Synthesis of GCTs initiator
In order to synthesize functional polyoxazolines, we combined the use of bio-based functional initiator derivated from glycerol and the chain end modification. Carbonates based on glycerol, such as glycerol carbonate GC, are gaining interest due their simple preparation, versatile properties and chemical reactivity. Functionalization of hydroxyl function of GC was already investigated with various groups. [16] Starting from GC numerous compounds as glycerol carbonate tosylate GCTs have already been described in the literature by Tatibouët et al. [17] After 6h of reaction at RT, GCTs was easily isolated using the difference of physical characteristics of GC and GCTs as illustrated in Scheme 2. GCTs appears as a very interesting reagent due to the double electrophilic reactivity of tosylate and carbonate groups.
Insert Scheme 2.
Synthesis of (HO) 2 -POx-OH polymer
In our work the polymerization of MOx was investigated using GCTs as initiator of cationic ring-opening polymerization (CROP) as shown in Scheme 3. conditions. In our case, the reactivity of carbonate group led in situ polymerization and end group deprotection (Scheme 3).
Insert Scheme 3.
The efficiency of GCTs as initiator in the MOx polymerization was investigated by 1 H NMR spectroscopy as illustrated in Figure 1 . slow and revealed a slow initiation step of the CROP of MOx using GCTs. In addition some unreacted initiator remained until complete monomer consumption and the calculated efficiency ratio of GCTs was around 60%.
Insert Figure 1.
A preliminary kinetic study of cationic ring-opening polymerization of MOx using GCTs initiator was investigated. First MOx conversion versus time was determined for th n DP =30 by 1 H NMR experiments in CD 3 CN as shown in Figure 2 . The CH 2 protons of the monomer were observed at  4.4 and 3.7 ppm and shifted in a broadened peak at 3.5-3.1 ppm in the corresponding polymer. Their respective intensities were used to calculate the monomer concentration as a function of reaction time. The influence of the temperature on kinetic polymerization was studied at 61 and 81°C. Whatever the temperature the conversion was higher than 96% and the final reaction time logically decreased with the temperature. The final time was more than 3-folder at 81°C than 61°C.
Insert Figure 2.
Whatever the temperature a latency period was observed and ranged from 4 to 8 hours at 81 and 61°C respectively. The latency period during the CROP of MOx was also observed using others initiators. [21] The phenomenon may be related to quite different rate constants between the first step (k p1 ) (Equation 1) and subsequent propagation steps (k pn ) (Equation 2) in the polymerization mechanism. The slow first propagation step could be explained by the stabilization of GCTs by interaction between carbonate and sulfonate groups of GCTs. Insert Figure 3 .
The cationic ring-opening polymerization of MOx initiated by GCTs was compared to the polymerization using Solketal derivative: Solk-Ts as summarized in Table 1 . The study revealed than the times of polymerization were similar. All obtained polymers were characterized by GPC to determine the molecular weights and the polydispersity indexes. The influence of the temperature on the molecular weight was studied at 61 and 81°C (entries 1 and 2 Table 1 Table 1 ). The molecular weight distribution of the obtained polymer using GCTs was close to 1.4 whereas various values were observed in the case of Solk-Ts. Moreover GCTs initiator offered lower polydispersity index than Solk-Ts. In both cases, the experimental number-average molecular weights measured by GPC analysis were higher than expected Mn.
The explanation was the low efficiency of the GCTs initiator as mentioned in Figure 1 on Ur-POx-Ur spectrum as evidenced in Figure 5 . The large peak assignable to OH bond at 3437 cm -1 also decreased. Moreover the appearance of a peak at 1557 cm -1 proves the formation of urethane groups (H-N-C=O amide II). We noted that carbonyl urethane stretching peak close to 1629 cm -1 overlapped that of polyoxazoline carbonyl one.
Insert Figure 5.
As an alternative method for preparing urethanes, the chemo-selective reaction of fivemembered cyclic carbonate with amine gives urethanes with hydroxyl groups without employing toxic and unstable isocyanates and without catalyst (carbonate route in Scheme 4).
The chemo-selective reaction permits the addition of amines on functional carbonate bearing various groups such as alcohol, amide… [28, 29] In our case the urethanization has been attempted using GC-POx ium and unsaturated amine: allylamine as shown in Scheme 5. One- produced by the addition of diisocyanates with diols. As shown in Scheme 5, the reaction of five-membered cyclic carbonates with amines afforded two adducts (1 and 1'), urethanes with primary or secondary hydroxyl groups. In the case of usual carbonates the ratio of the adducts was determined by 1 H NMR integration ratio of the CH 2 protons in α-position to the hydroxyl group. In our case the CH 2 protons of 1 and 1' adducts overlapped in the large peaks at 4.95-3.7 and the ratio of the adducts could not be quantified as already mentioned in the case of aliphatic dicarbonates. [13] Thanks to Scheme 4 we noted the main differences between the two synthetic routes where in the isocyanate route nucleophilic end groups (hydroxyl and diol groups) were reacted with (HO) 2 -POx-OH whereas in the carbonate route electrophilic end groups (carbonate and oxazolium groups) were used with GC-POx ium .
Insert Scheme 5.
Experimental Materials
Pyridine, TsCl, allylamine, MeOTs, 3-(triethoxysilyl)propyl isocyanate (TESPI), di-nbutyltin dilaurate (n-Bu 2 Sn(lau) 2 ), DMAc, methanol, diethyl ether, CuSO 4 , KOH and CaH 2
were purchased from ACROS and were used as received. 2-Methyl-2-oxazoline (MOx) and
MeOTs were dried, distilled from CaH 2 and stored under a dry nitrogen atmosphere.
Acetonitrile was dried and distilled according to standard procedures. [31] Deuterated solvents (CDCl 3 and CD 3 CN) were purchased from SDS and were used without further purification.
Glycerol carbonate (GC) was a generous gift from ONIDOL Corporation. mmol, 2 eq) was prepared. At 5°C the first solution was added dropwise to the second one.
Analytical techniques
The mixture was stirred for 6 h at room temperature. The reaction mixture was filtered and concentrated under pressure. The resulting product GCTs was isolated in 51% yield. 
Synthesis of Allyl-POx
The reaction carried out under a dry nitrogen atmosphere. MeOTs and MOx were dissolved in dry acetonitrile (4 M). The solution was vigorously stirred at 81°C. The reaction product was quenched by addition of an adequate amount of allylamine (10 eq 
Conclusion
This study showed that GCTs coming from glycerol carbonate could act as functional initiator in the cationic ring-opening polymerization of oxazoline. The synthesis of polyoxazoline GC-POx ium carrying α-carbonate group and -oxazolium group was reported.
The carbonate head group could be converted into diol with KOH addition to give (HO) 
